We have previously reported the existence of pollen mother cell nuclear protein (PMCP) which appears during microsporogenesis in lily (Lilium spesiosum). It is very similar to mammalian testis specific HI histone, Hit. In this paper, we describe the PMCP distribution in lily nucleosomes. Isolated nuclei were treated with micrococcal nuclease, and template active and inactive chromatin fractions were prepared. The nucleosome repeat length of pollen mother cells was determined to be 210 base pairs. The majority of the PMCP was found in the template inactive chromatin fraction, similar to other histones. PMCP was contained in the nucleosome monomer, but not in the core particle. However, PMCP was mainly found in the nucleosome dimer when slightly digested. Salt extraction from isolated nuclei indicated that PMCP and HI histone share similar binding affinities to DNA. Judging from our results, it seems probable that PMCP links two core particles more strongly than HI histone does. Since it is known that meiotic chromatin includes nick transferase and nuclease activity, one possible role of PMCP is the protection of its own chromatin. Other possible functions of PMCP are also discussed. erythropoietic cells ofbirds, H5 histone substitutes for H 1 (9). During spermatogenesis, specific HI variants are detectable in many species, for example, HIt in mammalian testis (22, 23), Sp HI in sea urchin sperm (21, 25), and the possible presence of a similar protein has been reported in many species (2, 6, 16, 24) .
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Previously, we showed that microspore specific nuclear protein PMCP found in lily (Lilium spesiosum), is similar to mammalian testis specific HI, Hlt (20) . In this paper, we report some biochemical properties of PMCP in its relationship to the nucleosome.
MATERIALS AND METHODS

Plant Material
Bulbs oflily (Lilium spesiosum) were purchased from Takii Seed Co. Ltd. and grown in a greenhouse, or in the experimental field, of the National Institute of Environmental Study, Tsukuba. The PMCs were collected, immersed in liquid nitrogen, and stored frozen at -80'C until use.
Meiosis is the fundamental type of cell division for sexual reproduction ofall organisms. The processes occurring during meiosis constitute an important subject for research, especially with regard to chromatin structure and phenomena such as bivalent chromosome pairing, homologous recombination, and crossing over. The basic repeating structural units of chromatin are nucleosomes. The nucleosome is a complex of DNA and proteins, the most abundant of which are five types of histones. Two molecules each of H2A, H2B, H3, and H4, called core histones, form the nucleosome core with about 146 base pairs DNA. The nucleosome core particle together with about 20 to 100 base pairs of linker DNA makes up the nucleosome monomer, and HI histone is associated with the linker DNA (9) . Nucleosome oligomers form a higher level structure, the 30 nm chromatin fiber (10) .
Histones are among the most conserved proteins in eukaryotes. However, H12 is the least conserved histone, and only the central core is highly conserved. Different tissue and species specific variants of HI are known. For example, in ' Present address: Akita Prefecture Forest Technical Center, AzaIdojridai 47-2, Tojima, Kawabe-machi, Kawabe-gun, Akita 019-26, Japan.
2Abbreviations: HI, HI histone; PMCP, pollen mother cell protein; bp, base pairs. 1161 Nuclei Isolation
The nuclei of PMC were isolated using a YEDA press. The nuclear suspension was centrifuged at 2000g for 2 min. The pellet was rinsed two or three times with a buffer composed of 0.5 M hexylene glycol, 25% glycerol, 5 (20) . DNA was prepared using ribonuclease A, proteinase K, and phenol extraction. DNA was precipitated from the aqueous phase by 0.075 volume of 3.3 M sodium acetate and 2 volumes of 100% ethanol at -20OC overnight.
Gel Electrophoresis
The nucleosomal protein was analyzed using two-dimensional gel electrophoresis. An acetic acid urea gel (6.25 M urea, 15% gel) was used as the first dimension and SDS-PAGE (15% gel) as the second dimension (20) . Proteins were stained with 0.25% Coomasie brilliant blue in 10% methanol/ 10% acetic acid in distilled water. For silver staining, a SilBest Staining kit (Nakarai) was used. For nucleosome separation, a 4.5% polyacrylamide gel was employed with 45 mM Tris-borate at pH 8.0 and 1 mM EDTA. The second dimension pattern of nucleosomal DNA was analyzed with 5% polyacrylamide gel with 0.1% SDS (26) . Double-stranded DNA was analyzed with a 1.5% agarose gel and 2.5% acrylamide gel plus 0.5% agarose gel. After electrophoresis, DNA was stained with ethidium bromide.
Preparation of Antisera against PMCP and H1
HI and PMCP were purified using two-dimensional gel electrophoresis as described above. The Isolated nuclei were extracted successively by a stepwise gradient of sodium chloride for 12 h at 4°C with a rotator (THAITEC RT-50). The extraction buffer was 0.1 to 0.9 M sodium chloride, 1 mM PMSF, and 10 mM Tris-HCl at pH 7.4. All the extracts were dialyzed against 0.1% acetic acid. After dialysis, proteins were extracted with 0.4 N H2SO4 and precipitated with TCA, as described above.
immunologically this point. PMCP could be detected only in PMCs, and not in the leaf, stem, shoot, and root meristematic cells (Fig. 1 with 4.5 units of nuclease. The amount of acid soluble DNA was about 20% of the total under these conditions. Nucleosome oligomers can be obtained by 4 min digestion with 4.5 and 9.0 units/100 gL. In these cases, the amount of acid soluble DNA was 7.1 and 1 1.0%, respectively. These were the optimal digestive conditions for oligo-nucleosome preparation from PMC nuclei.
Distribution of PMCP in Template Active and Inactive Chromatin
Template active and inactive chromatin can be separated biochemically (5). We examined the PMCP distribution in these fractions. Acid soluble proteins of these fractions are shown in Figure 3 . PMCP was mostly found in the S2 fraction (template inactive chromatin), as were all histones (Fig. 3C) . The S1 fraction (template active chromatin) was mainly composed of two different 27 kD proteins which migrated distinctly in acid urea PAGE, in addition to many high mol wt proteins (Fig. 3A) . Silver staining of the gel showed that some PMCP and all types of histones were also present in the S1 fraction (Fig. 3B) . Only trace amounts of PMCP and histones were detectable in the EDTA and EGTA insoluble pellet (data not shown). DNA contents of S1, S2, EGTA, and EDTA insoluble pellet fractions were 10.0, 85.7, and 4.3%, respectively, of total DNA. The H2SO4 soluble protein of S1 and S2 fractions were 16.0 and 80.0%, respectively, and the insoluble pellet was 4.06%.
Salt Extraction of Nuclear Proteins of Microspore
Histone is tightly bound to DNA, but linker histone like H and nonhistone proteins can be extracted more easily than core histone from nuclei by using NaCl. We examined to which binding class PMCP belonged (Fig. 4) 51%, respectively, with densitometrical analysis). Some core histone was extractable using 0.5 M NaCl, but most remained in the pellet even after the extraction with 0.9 M NaCl (42.2%). The 25 kD protein seen in Figure 4 could be extracted with a low NaCl concentration (0.2 M), therefore it may not be one of the core histones. The 45 kD protein, which was extracted with 0.3 M NaCl (Fig. 4) , was detected only in nucleosome monomer and core fraction after using sucrose density gradient nucleosome separation (data not shown).
Nucleosomal Electrophoresis
The salt extraction experiment indicated the possibility of PMCP being a linker histone. It is thought that HI is located in the linker region (3) because of the presence of more than one nucleosome monomer and its absence in the core. We separated nucleosome with native polyacrylamide gel and examined the PMCP localization. The result is shown in Figure 5 . Nucleosome core has only core histone, and contains neither HI nor PMCP (Fig. 5 A, C) . After a limited digestion ofPMC nuclei, PMCP was mostly found in nucleosome dimer (Fig. SA) . After complete digestion, PMCP was found to be in the monomer (Fig. SC) . In lily PMCs, the lengths of the nucleosome core DNA, monomer, dimer, and trimer were determined to be 180 ± 30, 208 ± 37.5, 420 ± 60, and 630 ± 90 bp, respectively (Fig. SB) . Therefore, the nucleosome repeat length of lily microspore was determined to be 210 bp. Figure 3 shows that SI fraction is mainly composed of a 27 kD protein, and is rich in nonhistone. The major 27 kD protein concentrated in SI fraction was also detected in S2 fraction, although only at trace level. Generally, many active genes are thought to be found in this SI fraction. For example, the ovalbumin gene, which is transcribed in the oviduct, can be concentrated about five to six times in the SI fraction (5) . However, in lily PMCs, we must consider not only this template active chromatin in SI fraction, but also other chromatins. At the pachytene stage, meiotic recombination takes place and, as a unit of this recombination, P chromatin has been suggested (13) . It may be possible that micrococcal nuclease digestion of PMC nuclei releases P chromatin. Thus, some of the SI fraction proteins may have certain regulatory roles in meiotic gene expression and/or recombination. PMCP does not appear to be directly involved in these phenomena because it was mainly found in the S2 fraction, which contains mostly template inactive chromatin.
DISCUSSION
The nucleosome repeat length of pollen mother cells was determined to be 210 bp and that of core DNA was 180 bp. This core DNA length is much larger than that of any other species examined. For example, core DNA length of chicken is 143 bp (17) , and of pea chromatin is 145 bp (II). The length of core DNA of rat testis is 151 bp (19) , which is close to the general size of 146 bp (3) . Another point which should be considered may be a difference between animal and plant chromatin. Lily PMCP and HI can be extracted with 0.4 M NaCI, but rat HI and HIt require 0.6 M NaCl for extraction. The lily linker histone seems to be bound to DNA less tightly than rat linker histone. Further study in this area is needed. Figure 5B shows that the nucleosome ladder is quite broad. A similar result was reported in pea chromatin, being 170 ± 30 bp ( 1i). This may be due to the irregular length of linker DNA.
We found a difference in distribution between PMCP and HI after limited and complete digestion. PMCP is found to be mainly in the dimer nucleosome after a limited digestion (Fig. SA) , but it was certainly present in monomer nucleosomes after complete digestion (Fig. 5C ). HI was found in the monomer in both cases. It can be explained as follows: PMCP links more strongly two core particles than HI histone does, and dimer nucleosomes containing PMCP have greater stability. It is known that one molecule ofHI histone is bound to a linker DNA site (9) and that micrococcal nuclease predominantly digests linker DNA (18) . Thus, it seems probable that the nucleosomes containing PMCP protect the linker DNA from nuclease attack. At the pachytene stage when meiotic recombination takes place, chromatin possesses the activities of nick transferase and nuclease, among others (12, 14) . Therefore, one of the functions of PMCP may be the stabilization of its own chromatin.
However, another function of PMCP is also considered. The presence of PMCP was not observed in the nucleosome core but it was detected in monomer, dimer, and trimer nucleosomes, as in the case ofH1 (Fig. 5) histone, may play a role in condensation and be important in determining the higher order structure of meiotic chromatin.
We obtained specific antisera against both PMCP and HI (Fig. 1) . Anti-PMCP serum was monospecific for PMCP and anti-HI serum was monospecific for HI; they did not crossreact. Similar specificity was also reported for antibodies prepared against the mammalian testis specific H1, HIt (15) . PMCP and HIt have similar amino acid composition (20) . PMCP and Hlt may share the same function during male gametegenesis. Further characterization of PMCP is currently underway in our laboratory.
